province of the federal government under numerous federal environmental protection statutes, and of the state government, which has traditionally regulated oil and gas operations. Second, some believe that local governments are preempted by state law in some jurisdictions from regulating the practice, or that the extent of local legal authority is unclear. Third, hydrofracking, in all of its dimensions, is a new and complex technology about which much is unknown and it takes great capacity at the local level to understand it and decide how to react. As a consequence of these inhibiting factors, many local governments either do not adopt plans and regulations or simply ban the practice in the absence of a better idea about how to deal with it.
II.
The Impacts of Hydrofracking
A. Positive Local Impacts
Because this article focuses on what local governments can do to respond to the impacts of hydrofracking, it necessarily highlights the adverse impacts that should concern local residents and their elected officials. One of the article's purposes is to identify, describe, and analyze the kinds of actions that localities can take, hence the emphasis on adverse impacts that need to be mitigated to protect local health, safety, and welfare interests. That said, the positive impacts of hydrofracking are persuasive to some localities and must be recognized, so that regulations respect and maximize these impacts.
3
Advocates for the natural gas industry argue that hydrofracking will bring significant economic benefits to the private and public sector. 4 Local-scale impacts relate primarily to 3 The authors recognize that opponents of hydrofracking offer rebuttals to each of these purported advantages and that the debate over positive and negative benefits of hydrofracking is anything but settled. increased economic opportunity. 5 Payments for drilling rights, leases, and royalties may inject significant new revenue into a community. Gas development typically increases local employment, 6 particularly in retail, services, trucking, and heavy equipment operation. Property values may rise, on average, both because of new resource value and increasing population and economic activity. This economic boom may be accompanied by increases in property tax revenue and intergovernmental transfers. In some cases, communities may also experience such benefits from oil and gas operators as improved road maintenance and increased local charitable donations. 7 Communities may also receive a variety of financial contributions to mitigate adverse impacts and better prepare them for hydrofracking operations. For example, the natural gas industry has directed new money into the Marcellus region; the short-term economic gain and opportunities for local businesses and property owners are a considerable aspect for the operation.
8
The natural gas industry has ignited a serious change in domestic energy for the United States. 9 Although estimates of gas reserves have been questioned, 10 the United States is projected to be one of the largest net exporters of natural gas and nearly energy independent by 2035.
11
The number of natural gas wells throughout the country has increased from 300,000 to over United States and helping the country out of its recent recession. 13 It was reported that another 870,000 jobs might be created by 2015.
14 If natural gas drilling and production lasts over the next twenty to thirty years, those jobs will continue to grow.
15

B. Adverse Impacts of Hydrofracking at the Local Level
Hydrofracking development also negatively impacts the local environment, the social and economic characteristics of a community, and local health and safety. Potential environmental impacts range from water pollution to water depletion; from air pollution and dust to visual blight and noise; and from habitat fragmentation to increased soil erosion. Gas development brings a surge in truck traffic that may deteriorate local roads. Spills and other accidents at well sites may threaten local health, while emergency services required to respond to such accidents may be stretched beyond capacity because of a gas development boom. The economic boom and population influx accompanying development may overwhelm local services and infrastructure, such as waste disposal, water treatment, schools, courts, housing, and jails. Environmental damage may adversely affect property values and threaten valuable agricultural resources.
Impacts on local highways and bridges, municipal water and sewer systems, and other municipal infrastructure may also arise from natural gas and oil activities.
The environmental impacts of hydrofracking are of particular concern. Horizontal hydrofracking operations emit volatile organic compounds and methane raising both public 12 Wiseman, supra note 9 at 735. 13 18 Potential contamination of aquifers and fresh water supply, the use of massive quantities of water, the disposal of hydrofracking fluids, the release of chemicals used in the processes, and the impact upon local landscapes can result in the degradation of a community's infrastructure.
19
The disposal of flow-back or wastewater generated by hydrofracking can lead to the use of deep injection: the deposit of toxic brine waste under extreme pressure in wells several thousands of feet in the earth. 20 Research indicates that this process may pollute groundwater aquifers and possibly trigger earthquake activity. 21 In some states, wastewater disposal raises complications where the geology is not favorable to injection wells. 22 This, in turn, leads to a search for appropriate injection wells in other states and for treatment plants that can handle the wastewater from water-intensive hydrofracking operations, which are often in short supply.
23
Additional environmental concerns include surface water pollution, soil erosion and sedimentation, and visual blight. There are a large number of public health concerns, as well.
24
These include exposure to escaped methane, volatile organic compounds, ground-level ozone, chemical fires, lung disease in workers caused by the inhalation of silica dust, benzene pollution of the air near drilling sites, particulate matter from heavy trucks travelling on dirt roads, personal injury from seeping hydrochloric acid and solvents, and diesel fuel and toxic chemicals in ground water.
III.
State and Federal Regulation and Resultant Gaps
A. Hydrofracking Raises Jurisdictional Issues
One of the many issues raised by hydrofracking is which level of government should regulate which aspects of the practice. This debate is complicated by the fact that the benefits associated with hydrofracking are national, regional, state-wide, and local in nature and that the risks associated with hydrofracking raise concerns that are within the existing legal jurisdiction of federal, state, and local governments. These realities lead, in turn, to further debates about which level of government should have the primary role in regulating hydrofracking; indeed, some argue that the federal government should fully preempt the field of hydrofracking regulation, others argue that states should preempt local regulation, and some see benefits in the involvement of all three levels of government in regulating the technology. 25 As this section demonstrates, none of these levels of government is fully regulating the adverse impacts of hydrofracking, leaving local communities and their residents exposed to the dangers of its many adverse impacts.
B. Federal Jurisdiction
The current federal regulatory system is both fragmented and incomplete. The Safe Drinking
Water Act ("SDWA"), 26 Clean Water Act ("CWA"), 27 Clean Air Act ("CAA"),
28
Comprehensive Environmental Response Compensation Act ("CERCLA"), 29 Resource
Conservation and Recovery Act ("RCRA"), 30 Endangered Species Act ("ESA"), 31 and Toxic Substance Control Act ("TSCA") 32 all nominally may cover aspects of the hydrofracking lifecycle, but all contain exemptions or nuances that make them largely ineffectual under the unique circumstances of hydrofracking.
The SDWA, for example, applies to the injection or reinjection of hydrofracking fluid into groundwater aquifers that provide drinking water. However, the SDWA only imposes standards upon drilling operations injecting diesel fuel into aquifers. 33 The CWA, which applies to surface water contamination, is powerless to address potential contamination resulting from water Agency is currently using CAA authority to institute new rules regulating the release of methane and hazardous air pollutants, 35 but the scope of this regulatory scheme is confined to the well pad point source. 36 Likewise, oil and gas waste is exempt from the "cradle-to-grave" waste management scheme of RCRA. Under this exemption, most oil and gas exploration and production wastes are not subject to the federal hazardous waste portions of RCRA.
37
C. State Regulation
38
State governments have traditionally played the primary role in regulating the oil and gas industry. Because of this and because of the various exemptions of most hydrofracking operations from federal regulations, the states have the bulk of the responsibility for regulating the impacts of gas well site development, drilling, hydrofracking, and ongoing production from gas wells. With few exceptions, the regulatory regimes in most states are anything but comprehensive, particularly with respect to regulating adverse impacts on local communities. In this section we provide a general overview of the approach taken by state governments.
39
With respect to geophysical testing regarding the proper location of oil or gas wells using The bulk of state regulations apply after site development, when drilling begins. All states require that the well be "cased" in a particular way-that it be lined with steel cemented into the ground. Casing regulations vary substantially. Some are narrative, requiring "adequate" casing, whereas others specify the type of steel and cement that must be used, the time for which the cement must set around the casing before being disturbed, the type of cementing method required, and how deep the casing must run. During drilling, states typically require the use of blowout prevention equipment to prevent the well from exploding when an operator encounters unexpected pressures while drilling. All states also regulate, to some extent, the surface pits or tanks that are used to store drilling, and later fracturing, wastes. Most require that the pits be lined and emptied and dried out within a certain period of time after drilling and fracturing ends. Solids from dewatered pits and the drill cuttings such as rock and soil that come out of the well must either be buried on site or sent to a state-regulated exploration and production waste landfill.
With respect to the management of surface pits at well sites, most states also require that a certain amount of excess capacity be maintained in pits so that they do not overflow, and some require secondary containment beneath storage tanks or pits-additional liners or other materials that will catch spills if they occur. Finally, with respect to site development, most states require operators to have a spill prevention and response plan, under which certain practices are to be followed to avoid or catch spills and quickly recover spills if they occur. typically require that the gas emitted by wells be vented, burned off, or captured and sent through a gathering line to a pipeline. This cleans out the well and then allows for ongoing production. Some states limit the amount of venting or flaring that may occur, and several also require leak and valve controls on various wellhead equipment and storage tanks to limit volatile organic compound emissions, including methane.
During the ongoing production of gas, states regulate how wastewater may be stored and disposed of. Many allow the brine to be spread on dirt roads, and other disposal typically occurs through underground injection control wells, or, more rarely, wastewater treatment plants. In some areas, operators are reusing much of the flowback water for fracturing at other well sites. Following drilling and fracturing, states typically require minimal site restoration.
IV.
Local Regulation
A. Bans and Moratoria
A careful comparison of the adverse impacts of hydrofracking with the impacts regulated in most states makes it clear to localities that they remain exposed to some of the risks of gas exploration. There is much evidence that concern over these unregulated adverse impacts of hydrofracking has motivated local legislatures to ban the practice completely or impose moratoria preventing all operations until more studies have been completed. Cecil Township, Pennsylvania adopted an oil and gas overlay district as well, making oil and gas development a use subject to conditions: reasonable safeguards established by the Township. 54 Operators in Peters Township, Pennsylvania are required to provide, at their own expense, an annual group-training program for emergency responders regarding emergencies at drill sites. 55 In Southlake, Texas drilling and production of gas within city limits is only allowed by a special use permit, which is subject to several protective standards. In Southlake,
hydrofracking and the completion of wells is prohibited during the summer months and hydrofracking operations are only permitted to occur during daytime hours. vehicles are limited to use only state arterials and highways in route to the operation site, and must travel only during the regulated drilling hours specified. Peters Township requires operators to include proposed truck routes with permit applications. The Township also retains the right to designate reasonable truck routes as needed to avoid interruption with roadway jurisdiction, traffic, physical conditions, location of school bus routes, and the amount of residential housing along potential routes.
Gas well permits in Arlington, Texas involve a two-step process. First, operators must obtain approval for a special use permit; only then may they apply for a gas well permit. In Peters Township, gas drilling sites are evaluated as a conditional use. Pre-drilling requirements are imposed on the operator to test all existing water supplies within 1,000 ft. of the surface location of the well; the operator must submit a pre-testing and pre-drilling plan that includes soil testing and water quality testing, which must be approved by the Township. 58 The Township also requires operators to schedule seismic testing, to inform property owners in surrounding areas when testing will occur, to restore any and all property damage, and to be insured with respect to operations for no less than five million dollars. Similarly, Burleson, Texas requires that hydrofracking operations with ponds or pit storage perform baseline soil testing. 59 In Mount Carmel, Illinois operators are required to prevent the escape of gas or fumes into the atmosphere from wells, tanks, or pipelines. Operators are responsible for damages for any injury to people or property caused by allowing gas or fumes from wells to escape into the atmosphere. steel tanks. 60 The City of Longmont, California adopted an ordinance that excludes oil and gas facilities in designated hazard areas and zoning districts including residential, mixed use, and planned unit development districts. This ordinance also requires the payment of impact fees for all permits issued and it imposes setbacks from water sources of various types. 61 Saguache County, Colorado divides drilling operations into major and minor facilities and applies different requirements to each, paralleling the way most local governments regulate subdivisions, but both require a permit in order to operate. Wells of both types must be set back at least 1,000 ft. from the normal high water mark of any water body. 62 In Coppell, Texas drilling is permitted only in light industrial and agricultural zones and, even in those zones, it is prohibited within 1,000 ft. of residential structures, religious institutions, public buildings, hospitals, schools, public parks, or any business. 63 Flower Mound requires operators to submit a detailed site plan to obtain an Oil and Gas
Permit and to pay a stipulated fee. Operators are obligated to notify property owners of their pending application, and a public meeting must be held prior to permit issuance. The local law explains that the permit and procedure are designed to ensure that hydrofracking operations will not occur at the expense of environmental quality, community character, or quality of life. Texas City, Texas requires operators to acquire written permission from any property owner of a residence, building, or structure located within 600 ft. of the drilling location before a permit may be issued. Similarly, in Chanute, Kansas operators must publicize their intent to file an application for a permit to drill a gas well in the official city newspaper five days prior to submitting an application. The operator must also give written notice by mail or personal delivery of their intent to file an application to the owners of properties adjacent to the proposed site.
The City of Fort Worth, Texas requires that hydrofracking operations carry and maintain insurance coverage of at least $10 million. 64 This coverage ensures that Fort Worth can recover from operators if environmental damage occurs. The Town of Pelham, Alabama has a license fee schedule that charges oil and gas operations fees calculated as a percentage of their future gross receipts. 65 Similarly, Flower Mound requires drillers to be insured, to pay an annual inspection fee for the hydrofracking operation site, and to secure a restoration bond payable to the town in the amount of $100,000 per acre. The purpose of the bond is to restore proper grading and vegetation to the operation site following the expiration of the oil and gas permit. Municipal governments have a number of non-regulatory strategies available to them to control the local impacts of hydrofracking. These include education and planning functions that convene, inform, and influence the residents and businesses in the community, preparing the way for cautious and careful progress. Such strategies can involve working with landowners to ensure that their lease agreements with drilling companies contain measures to prevent or mitigate local impacts. Also, leases could compel lessees to sign a local host community agreement that requires signatories to follow stewardship and drilling procedures in lieu of local regulations.
Following proper local educational efforts, a municipality can amend its comprehensive plan (an advisory, non-regulatory document) to add an unconventional gas exploration component that articulates objectives and planning strategies for achieving those objectives. This component should list and describe possible local impacts in detail, which further educates the public about pending changes due to this industrial activity.
Implementation of these local strategies puts municipal leaders in a position to create collaborative decision-making forums and to mediate the tension that inevitably occurs when local leaders and stakeholders are excluded from decisions affecting their communities and local impacts are ignored. In addition, municipal governments that have not been preempted from regulating local land use impacts of hydrofracking can move gradually from these non-regulatory approaches to the adoption of land use and police power regulations as necessary to respond to impacts not checked by these non-regulatory initiatives.
V.
A Presumption Against Preempting Local Zoning and Land Use Regulation
For some, allocating regulatory authority to hundreds, if not thousands, of local governments in gas-producing states is counterintuitive. How can an industry operate if it is subject to such a fragmented, multi-layered regulatory environment? Shouldn't this be prevented by state legislatures by the simple act of preempting, expressly, all such regulation of critically needed energy resources? On the other hand, where the existing regulatory regime, state and federal, leaves significant adverse impacts to be reckoned with, should local zoning and other land use regulations be thwarted? Doesn't the growing evidence of local competence in this field demonstrate that localities can regulate hydrofracking as it does other high-impact land uses?
If the advocates of state preemption prevail, the historical role of local governments in controlling local land uses and their impacts will be diminished, if not extinguished. Local governments are created by and derive their powers from the state. They get the power to adopt land use plans and regulations through state planning and zoning enabling acts and home rule statutes. If the state legislature expressly and in certain terms preempts using that delegated power in order to promote a state interest such as gas exploration, the power of local government is clearly trumped. When state legislatures do not expressly preempt local zoning or where their intention to do so is ambiguous, it is the job of the courts to determine whether localities are preempted. Courts may find that, by implication, state legislatures intended to preempt local power. Implied preemption may be based on the court finding direct conflicts between general state legislation and local zoning controls or by finding that the state legislative scheme is so comprehensive that it intended to occupy the field.
In most states, zoning is one of several powers and responsibilities that local governments are delegated to serve local and state interests. Zoning determines how property is used, developed, and how valuable it will be; localities have the power to impose property taxes on the land they regulate and they are expected to use those revenues to fund municipal operations, provide municipal infrastructure, and carry on the business of local government, which benefits local
